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Abstract 
 
The behavior of a naturally fractured reservoir having uniform and log-normal distributions of matrix block sizes has been 
investigated through an extensive set of numerical simulations, using the Eclipse reservoir simulator. The pseudo-steady state 
dual porosity model and cubical matrix blocks for a fractured reservoir were assumed. For simulation of heterogeneity in the 
dual-porosity reservoir, a log-normal distribution of matrix block sizes was chosen. If the standard model (of uniform block 
sizes) is used, the estimated apparent matrix size, Le, is close to the harmonic mean of the log-normal distribution of block 
sizes. The uniform distribution case with a single matrix block size can be used as a diagnostic tool for estimating the type of 
distribution and mean value of the matrix length. When the standard deviation of log-normal distribution is increased, the 
transition period of the pressure derivative starts earlier, indicating that the smaller matrix block sizes have more influence on 
well pressure behavior. Analysis of the pressure data resulted in establishing a set of empirical equations showing the 
relationship between standard deviation, matrix length and the parameters used for analysis. An attempt was made to estimate 
the log-normal distribution parameters (standard deviation and matrix length) from the well test data using these equations. 
The results show that it is possible to invert the pressure signal to obtain the mean and standard deviation of the block size 
distribution. This new method should help to achieve more accurate modeling and simulation of naturally fractured reservoirs.   
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Abstract 
The behavior of a naturally fractured reservoir having uniform and log-normal distributions of matrix block sizes has been 
investigated through an extensive set of numerical simulations, using the Eclipse reservoir simulator. The pseudo-steady state 
dual porosity model and cubical matrix blocks for a fractured reservoir were assumed. For simulation of heterogeneity in the 
dual-porosity reservoir, a log-normal distribution of matrix block sizes was chosen. If the standard model (of uniform block 
sizes) is used, the estimated apparent matrix size, Le, is close to the harmonic mean of the log-normal distribution of block 
sizes. The uniform distribution case with a single matrix block size can be used as a diagnostic tool for estimating the type of 
distribution and mean value of the matrix length. When the standard deviation of log-normal distribution is increased, the 
transition period of the pressure derivative starts earlier, indicating that the smaller matrix block sizes have more influence on 
well pressure behavior. Analysis of the pressure data resulted in establishing a set of empirical equations showing the 
relationship between standard deviation, matrix length and the parameters used for analysis. An attempt was made to estimate 
the log-normal distribution parameters (standard deviation and matrix length) from the well test data using these equations. 
The results show that it is possible to invert the pressure signal to obtain the mean and standard deviation of the block size 
distribution. This new method should help to achieve more accurate modeling and simulation of naturally fractured reservoirs.   
 
Introduction 
A significant portion of the world’s hydrocarbon reserves are contained in naturally fractured reservoirs. An optimum 
development and exploitation of these reservoirs requires a complete characterization of the system (Cinco-Ley et al., 1985). 
Many papers have already been published that aimed towards characterizing, modelling and simulating the behavior of fluid in 
naturally fractured reservoirs. The complexity of the fissure system and highly heterogeneous nature of the fractured reservoirs 
requires very accurate modeling, both static and dynamic.   
The dual porosity model was first introduced by Barenblatt et al. (1960), which stated that the fractured reservoirs consist 
of two regions, one with high permeability and a low porosity region (fracture network) and the other with low permeability 
and high porosity (matrix blocks) (Fig.1). Flow towards the well was assumed to occur only through a fracture network under 
pseudo-steady state condition with uniformly distributed matrix blocks feeding the fractures with fluid. Warren and Root 
(1963) showed that only two parameters were sufficient to characterize the dual porosity medium. These are interporosity flow 
coefficient, which describes the ability of fluid flow from matrix to fractures and depends on the shape of the matrix blocks; 
and storativity ratio, which is the ratio of fracture storativity to total storativity of the medium.  
 
 
Fig. 1–Actual and model dual porosity reservoir (Warren and Root, 1963) 
 
Kazemi (1969) presented a model of a naturally fractured reservoir with uniform distribution, which assumes that a flow of 
fluid occurs under fully transient (unsteady-state) conditions. De Swaan (1976) and Najurieta (1980) developed methods to 
calculate properties of dual porosity and presented an unsteady-state flow theory that describes well pressure response. 
Bourdet and Gringarten (1980) developed a new type-curve for analyzing wells with wellbore storage and skin in double 
porosity systems. In addition to the usual well and reservoir parameters analysis yields, characteristic parameters that can 
Imperial College 
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provide quantitative information on the volume of fissures and the size of porous blocks in the reservoir were analyzed. 
Bourdet et al. (1989) introduced the use of pressure derivative in well-test interpretation, which made it easier and more 
accurate. Although both methods provide good approximation, of the storativity ratio and interporosity flow coefficient, they 
do not provide enough information on the way the matrix blocks are distributed in the reservoir.  
 Moench (1984) presented an approach which unified the pseudo-steady state conditions and transient conditions for well 
test analysis by accounting for fracture skin in mathematical development of the diffusivity equations for double porosity 
reservoir. 
Cinco-Ley et al. (1985) presented a new analytical model to study the pressure-transient behavior of a naturally fractured 
reservoir that was composed of a fracture network and matrix blocks of multiple size. This work was further extended by 
Rodriguez et al. (2001), who presented a model with variable matrix block size distribution of naturally fractured reservoirs 
that took into account the continuous uniform, exponential and normal distributions of matrix block sizes. An analytical model 
to characterize secondary porosity in naturally fractured reservoirs through well testing was presented by Rodriguez et al. 
(2004).     
 Zimmerman et al. (1993) developed a model that accurately predicts flux and pressure transient behavior for a 
heterogeneously fractured reservoir. Shape factors were developed for blocks of various shapes (cubes, rectangles, etc.) which 
can be applied to reservoirs with more or less uniform fracture spacing. The effect of block geometry and block size 
distribution on water imbibition and solute absorption was studied by Zimmerman and Bodvarsson (1995). They showed that 
irregularly-shaped matrix block can be modeled with reasonable accuracy using a spherical matrix block with some effective 
radius. A collection of blocks of various sizes can be replaced in early time regime by an equivalent block. Even though, 
blocks can be represented by an “equivalent block”, this in fact is not strictly true.  
Actual reservoirs have matrix blocks of varying shapes and sizes. This paper investigates the behavior of the dual porosity 
reservoir having a log-normal distribution of matrix block sizes through numerical simulation. And, it makes an attempt to 
invert the lognormal distribution parameters: σ
2
 and   , which could be used to increase the accuracy of simulations of 
naturally fractured reservoirs.  
 
Theory 
The dual porosity model presented by Barenblatt et al. (1960) assumes that the flow from matrix blocks into fractures is 
proportional to the difference between average pressure in matrix blocks,     and pressure in fractures, Pf : 
    
   
 
       ………………………………………………………………………………………..……………...(1) 
where α is a shape factor that accounts for the size and shape of  the matrix blocks. 
Zimmerman et al. (1993) have calculated the shape factor for several idealized geometries, and for the cubical block of side 
L it is: 
  
   
  
………………………………………………………………………………………………………………………(2)                                                     
Although eq. (2) is known to be very accurate, Eclipse software uses an older equation, proposed by Kazemi et al. (1976), 
which uses the value of 4 instead of   : 
  
  
  
………………………………………………………………………………………………………………………..(3)                                                                           
As Eclipse software is being used for the simulations, eq. (3) will be used throughout this study. 
One of the parameters necessary to describe dual porosity reservoir dimensionless interporosity flow coefficient is given by 
  
     
 
  
…………………………………………………………………………………………………………………...(4)                                                                                    
A second dimensionless parameter, the storativity ratio, is defined as 
  
    
           
………………………………………………………………………………………………………...…..(5)                                                     
where   ,    are fracture and matrix porosities;   ,    are fracture and matrix compressibilities.  
To invert the dual porosity parameters λ and ω, today commonly type curve analysis are used, presented by Bourdet and 
Gringarten (1980) and Bourdet et al. (1989).   
The analyses use the dimensionless terms, which are (SI units):  
    
    
   
   ………………….…………………………………………………………………………….………….(6) 
   
 
      
   …………………………………………………………………………………………………………….(7) 
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 ………………………………………………………………………………………………………………(8) 
  
  
 
    
 
  
 
………………………………..…………………………………………………….………………………….(9) 
   
   
 
        
  
  ………………………………………………………………………………………………..…….(10) 
This study is mainly interested in middle time behavior or transition period of the dimensionless pressure and derivative 
curve. Bourdet et al. (1983) have found that the pressure derivative curve after wellbore storage can be defined as: 
  
 
 
  
  
         
  
      
      
 
  
  
 
  
  
      
     
 
  
  
 
 ……………………………………………………………………..(11) 
The minimum of the derivative valley is given by: 
  
 
 
  
  
          
 
   
    
 
   
  ……………………………………………………………………………………(12) 
and 
 
  
  
 
   
  
 
        
    
 
 
 ………………………………………………………………………………………………..(13)        
 
Methodology 
Numerical reservoir simulations were carried using the Eclipse software. A grid with 500×500×2 ft dimensions was created, 
with the first layer representing the matrix blocks and the second the fracture network. The model is a single well with infinite 
extent. All matrixes were assumed to be cube shaped with Lx, Ly and Lz dimensions (Fig. 2). Reservoir characteristics were 
kept constant for all simulations (Table 1) and the relative permeability curves for the matrix blocks and the fracture network 
were obtained from the Kazemi et al. (1976).  
After each simulation a wellbore hole pressure was requested from the software and was then analyzed using Interpret 
2009. Each test comprised of a four drawdowns (800, 1000, 1200 and 1800 bbl/day) and 3 shut-ins; each drawdown and shut-
in lasted for 5 days. As many reservoir models use uniform distribution as standard, first a double porosity model with uniform 
matrix block size distribution was created to generate the pressure response and validate the model. After this, a double 
porosity model with varying matrix block size distribution was created and analyzed in the same way.  
The interaction between the matrix and the fractures is affected strongly by the geometrical distribution of the fractures 
(Belani et al., 1988). The research shows actual fracture spacing in the reservoirs can be modelled using a log-normal 
distribution (Rouleau and Gale 1985; Huang and Angelier 1989; Mathab et al. 1995). Thus, the modelling of variance of 
matrix block sizes in the reservoir, was carried out in this study, using log-normal distribution.  
Log-normal distribution is a probablity distribution of a random variable whose logarithm is normally distributed. The 
probability density function is defined as:    
     
 
      
 
     
 
 
 
        
  
 
 
 ………………………………………………………………………………………(14) 
for     with       and mean,     and standard deviation,   
   of Y, respectively.  
 
 
 
 
Fig. 2–Dual porosity reservoir model with infinite extent, cube matrix  
blocks and a single well 
 
Lx
Ly
Lz
Matrix network
Fracture network
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Table 1–Reservoir characteristics 
Property Symbol Value Units 
Fracture porosity φf 0.01 fraction 
Matrix porosity φm 0.19 fraction 
Fracture permeability kf 50000 mD 
Matrix permeability km 1 mD 
Net reservoirr thickness h 50 ft 
Wellbore radius rw 0.175 ft 
Oil formation volume factor Bo 1 RB/STB 
Oil viscosity μo 2 cp 
Total compressibility ct  
1/psi 
Production time tp 5 Days 
Production rate q 1800 STB/D 
p(Δt=0) 
 
4008.09 psi 
 
 
 
  
The harmonic mean of the lognormal distribution is derived (Aitchison and Brown, 1969) as 
         
  
 
 
 ………………………………………………………………………………………………………...(15) 
The mean of lognormal distribution was chosen to be equal to ln(Lo), where Lo has the same values as in a uniform 
distribution case (5, 10 and 20 ft) and the standard deviation has the values of 1, 2 and 3.   
As required by the Eclipse software, the values of the matrix block lengths should be provided for each cell of the model. 
For this reason, the table of values of the matrix block lengths were first generated using MS Excel 2007 for each mean value, 
Lo (Ogunrewo, 2008). After, the table was fed into Eclipse and several simulations were carried out to identify the difference 
between the uniform and varying distribution cases (typical data file can be found in Appendix D).  
When an equation of a relationship is presented in this paper, it reflects the best match obtained by fitting a trendline 
through the data points.  
 
Results of simulations 
Double porosity model with uniform distribution and single matrix block size 
Before the variable matrix block case is studied it is very important to understand the limiting case of uniform distribution 
and single matrix block size, as the values of λ and ω obtained from the well test should provide a relative understanding of the 
maximum/minimum that can be reached for the different matrix block sizes. In the first run matrix length was chosen to be 
equal to 10 ft. From Fig. 3 we can see that a model exhibits a “valley” on the pressure derivative curve.  
 
  
Fig. 3–Dimensionless log-log match for Lo=10 ft with 
uniform matrix block distribution 
Fig. 4–Horner match for matrix block of length 10 ft 
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Fig. 5–Dimensionless log-log pressure 
match for different matrix block sizes with 
uniform distribution 
Fig. 6–Dimensionless log-log pressure 
derivative match for different matrix block 
sizes with uniform distribution 
 
Fig. 7–Horner match for different matrix 
block sizes 
 
Horner match (Fig. 4) shows that the model exhibits two semi-logarithmic straight lines, a characteristic of dual porosity 
reservoirs.  
Further several simulations were run for matrix block sizes of L=5, 20, 30, 40 and 50 ft.  
It was noted that for the different matrix block sizes the middle time behavior was not the same. From the log-log plot of 
dimensionless pressure and dimensionless time (Fig. 5), it is seen that the transition curve shifts towards a total system 
behavior with increasing matrix block length. The same trend is seen on the derivative curves (Fig. 6), with decreasing λ 
(increasing L) the time response of the derivative valley is delayed. On the Horner match (Fig. 7) two semi-logarithmic straight 
lines are clearly identifiable, but as the matrix block length is increased the transition curve becomes closer to the total system 
behavior.    
 
Double porosity model with log-normal distribution and varying matrix block size  
Figs. 8, 9 and 10 show the log-log match of dimensionless pressure derivative vs. dimensionless time for different values 
of Lo and standard deviation. It is observed that with the increasing standard deviation the time response of the derivative 
valley is earlier than in the uniform distribution case. Also it can be seen that the derivative valley changes in “depth”.  
The Horner plots (Figs. 11, 12, and 13) show that as the in uniform distribution case semi-log straight lines also exist for 
lognormal distribution of matrix block sizes, but the transition curve behaves differently as σ
2
 is increased. As standard 
deviation is increased the transition curve shifts to the left for all three cases of Lo (5, 10, and 20 ft), thus dimensionless 
superposition function decreases.  
  
   
Fig. 8–Log-log plot of pressure derivative 
response for Lo=5 ft with log-normal 
(σ2=1, 2, 3) and uniform distribution 
Fig. 9–Log-log plot of pressure derivative 
response for Lo=10 ft with log-normal 
(σ2=1, 2, 3) and uniform distribution 
Fig. 10–Log-log plot of pressure 
derivative response for Lo=20 ft with log-
normal (σ2=1, 2, 3) and uniform 
distribution 
   
Fig. 11–Dimensionless Horner match for 
uniform and lognormal distributions 
(σ2=1, 2, 3) for Lo=5 ft 
Fig. 12–Dimensionless Horner match for 
uniform and lognormal distributions 
(σ2=1, 2, 3) for Lo=10 ft 
Fig. 13–Dimensionless Horner match for 
uniform and lognormal distributions 
(σ2=1, 2, 3) for Lo=20 ft 
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Fig. 14–Log-log match for Lo=10 ft with 
σ2=1 and different seeds of random 
number generation 
Fig. 15–Log-log match for Lo=10 ft with 
σ2=2 and different seeds of random 
number generation 
Fig. 16–Log-log match for Lo=10 ft with 
σ2=3 and different seeds of random 
number generation 
 
Also, it can be seen that by with increasing standard deviation dimensionless pressure,        , decreases and shifts the 
curve downwards. 
Figs. 14, 15 and 16 show dimensionless pressure derivative with respect to dimensionless time for Lo=10 ft with standard 
deviations 1, 2 and 3 correspondingly. But for each case of standard deviation different seeds were chosen to generate random 
numbers for the lognormal distribution of matrix block length. Therefore, the  maximum offset of the derivative valley 
between different seeds is observed for the case when σ2 is equal to 2.  
 
Analysis  
Double porosity model with uniform distribution and single matrix block size  
Using Eqs. (3) and (4) and data in Table 1 we can calculate shape factors and interporosity flow coefficients for different 
matrix block sizes. Table 2 shows the calculated and inverted values of α, λ and ω. The difference between the values has the 
maximum of 8.15 per cent. 
From Eq. (12) the minimum point of the derivative valley is only dependant on ω. By using this equation one can calculate 
the value of pressure derivate,    , which is equal to 0.094288~0.1 and is the same for all matrix block sizes. This is because 
the porosity and compressibility for fissure network, and for the total system are the same in all cases of matrix block lengths. 
This is also observed on the pressure derivative curve (Fig. 7). The exact values of dimensionless time of the minimum point 
of the derivative valley, tD/CD can be calculated using Eq. 13 (Table B-1). The corresponding values of λ, ω, p’D and tD/CD 
for Lo=5, 10 and 20 ft are given in Tables B-2, B-3, and B-4.  
 
Double porosity model with lognormal distribution and varying matrix block sizes  
Pressure derivative 
For quantitative investigation of the relationship between different well test and log-normal distribution parameters
 
“Seed1” case was chosen. 
Plots of tD/CD and p’D vs. σ2 were constructed for Lo=5, 10 and 20 ft (Figs. 17, 18 and 19) and the following relationships 
were noticed, for dimensionless time: 
  
  
      
 
…………………………………………………………………………………………………………….(16) 
where K and R depend on Lo and can be approximated by (Figs. C-1 and C-2) 
                ……………….………………………………………………………………………………………(17)  
                   ………………………………………………………………………………………………..(18)  
 
 Table 2–Calculated and inverted values of α, λ and ω for different matrix block sizes 
        
Lo, ft α ω ωe Difference λ λe Difference 
5 0.48 0.05 0.05014 0.28% 2.94E-07 2.87E-07 -2.22% 
10 0.12 0.05 0.04973 -0.54% 7.35E-08 7.39E-08 0.51% 
20 0.03 0.05 0.051 2.00% 1.84E-08 1.91E-08 3.70% 
30 0.0133 0.05 0.05293 5.86% 8.17E-09 8.61E-09 5.41% 
40 0.0075 0.05 0.05358 7.16% 4.59E-09 4.86E-09 5.82% 
50 0.0048 0.05 0.05425 8.50% 2.94E-09 3.18E-09 8.15% 
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Fig. 8 Horner match for different matrix block sizes 
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Fig. 17–Relationship between (td/CD) and 
p’D vs. σ
2
 for Lo=5 ft 
Fig. 18–Relationship between (td/CD) and 
p’D vs. σ
2
 for Lo=10 ft 
Fig. 19–Relationship between (td/CD) and 
p’D vs. σ
2
 for Lo=20 ft 
 
and for dimensionless pressure derivative: 
       
         ………………………………………………………………………………………………...(19) 
where M, N and G depend on Lo and can be approximated by (Figs. C-3, C-4 and C-5):  
                   ………………………………………………………………………………………………(20)  
                   ……………………………………………………………………………………………….(21)  
                  ………………………………………………………………………………………………...(22)  
Further us of Eqs. (3) and (4) resulted in the value of “effective” matrix block length, Le, being calculated. It was found that 
the values of Le are close to the harmonic mean of lognormal distribution (Table B-5, B-6 and B-7).  
To investigate the relationship between Le and σ
2
, a ratio of Le/Lo was plotted against σ
2
. On the same plot ratio, H/Lo versus 
σ
2
 was constructed for all three cases of Lo (Figs. 20, 21 and 22).  
The data inverted from well testing on all three plots fitted the exponential trendline, with equations given on the plots. 
Combining these equations an average form can be written as: 
  
  
         
 
……………………………………………………………………………………………………………..(23) 
Horner plot 
The Horner plots were analyzed further to determine if a relationship exists between standard deviation and dimensionless 
pressure and dimensionless superposition function (DSF). The analysis yields the values of the middle of transition curves: 
DSFmiddle and corresponding (pi-p)D. Also, it was noticed that the pressure difference, δp, between two semi-log straight lines 
will reach its maximum in the uniform distribution case, but is different for varying standard deviation (Tables 10, 11 and 12).  
It was observed that the values of (pi-p)D and DSF (Figs. 23, 24 and 25) in the middle of the transition curve have almost 
the same relationship to σ2,  which have the general form of: 
          
  E………………………………………………………………………………………………………(24) 
where E depends on Lo (Fig. C-6) and can be approximated by:  
                   ………………………………………………………………………………………………..(25) 
 
   
Fig. 20–Relationship between Le/Lo, H/Lo 
and σ2 for Lo=5 ft 
Fig. 21–Relationship between Le/Lo, H/Lo 
and σ2 for Lo=10 ft 
Fig. 22–Relationship between (td/CD)/p’D 
and σ2 for Lo=20 ft 
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Fig. 23–Plot of (pi-p)D and DSF vs. σ
2
 for 
Lo=5 ft 
Fig. 24–Plot of (pi-p)D and DSF vs. σ
2
 for 
Lo=10 ft 
Fig. 25–Plot of (pi-p)D and DSF vs. σ
2
 for 
Lo=20 ft 
 
 
and 
                 
   ………………………………………………………………………………..………………(26) 
where F depends on Lo (Fig. C-7) and can be approximated by: 
                   ………………………………………………………………………………………………..(27) 
 
Verification 
From the analysis of the simulation results several empirical relationships were established (Eqs. 16 - 27). An attempt was 
made to try to invert the standard deviation, σ2, and Lo form the well test data using the later equations.     
The reservoir data was chosen to be the same as in Table 2. Inverted (well test) data was taken for the case of matrix length 
Lo=20 ft with standard deviation σ
2
=2 (Table 3). Thus Lo=20 ft and σ
2
=2 were the desired values to be calculated from the well 
test data.   
Assuming that our reservoir has a uniform distribution storativity ratio, ω, was calculated using Eq.5.  
The value of dimensionless pressure derivative, (p’D)u corresponding to the minimum point on the derivative valley was 
calculated using Eq. 12. This value can serve as a diagnostic tool to see if the reservoir can be modeled as matrix blocks with 
uniform distribution. In our case they are not equal, thus the reservoir has matrix blocks which are not uniformly distributed.  
Using Eq. 3 and 4 “effective” matrix block length, Le was calculated using the inverted interporosity flow coefficient, λi. 
Empirical equations derived in this paper have two unknowns (Lo and σ
2
). From the inverted data it is impossible to 
identify the value of Lo directly, so it has to be assumed for the first calculation. When choosing the first value of Lo inverted 
dimensionless time value, (tD/CD)inv, can serve as a diagnostic tool (this is discussed in the Discussion section).  
Nevertheless, standard deviation was calculated for five cases of Lo (5, 10, 20, 30 and 40 ft). The results of these 
calculations were compared to provide a conclusion as to whether they all provide a consistent result, and the value of σ2 was 
rounded to the closest integer (Table 4). 
 
Table 3–Inverted well test parameters for Lo=10 ft and σ
2
=2 
            
(tD/CD) (p'D) Λ ω (pi-p)D (DSFmiddle-) 
10657 0.262 6.06E-07 0.2476 4.45 4.21 
  
Table 4–Calculated values of σ2 using empirical equations for Lo=5, 10, 20, 30 and 40 ft  
              
Lo 
σ
2
 
Conclusion 
Eq.16 Eq.19
*
 Eq.23 Eq.24 Eq.26 
5 1 No solution 0 0 0 Not consistent 
10 1 No solution 1 1 1 Not consistent 
20 2 2 2 2 2 Consistent 
30 3 3 3 2 3 Not consistent 
40 4 3 3 3 3 Not consistent 
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When using Eq. 19 two values of σ2 were obtained, but only the value closest and consistent with other results was 
considered. As can be seen from Table 14, the calculated values of σ2 were only consistent in all cases when using Lo=20 ft.  
Thus, it is possible to estimate the standard deviation and mean matrix length from the well test data.   
 
Discussion of results 
Log-log plot of dimensionless pressure, as a function of dimensionless time (Fig. 5), shows that there is variation in middle 
time behavior (transition) between different matrix block sizes with uniform distribution.  
Fig. 6 shows that with increasing matrix length, Lo, and thus, decreasing value of interporosity flow coefficient, the 
response of the dimensionless pressure derivative valley is delayed. As the size of matrix blocks increase they require more 
time to produce into the fractures and reach the total system radial flow. Yet, it can also be observed that the value of 
interporosity flow coefficient, λ, decreases exponentially and at some values of Lo should be almost constant (Fig. C-8).  
This is also observed on the semi-logarithmic Horner plot (Fig. 7) where the middle time behavior curve shifts upwards as 
Lo is increased. However, the shape of the curve becomes very similar for high values of Lo. 
Also, it should be noted that a uniform case distribution with single block size serves as a good diagnostic tool. 
Dimensionless pressure derivative at the minimum point calculated assuming a uniform distribution case (Eq.12) can give an 
idea if the reservoir can be modeled as uniformly distributed (homogeneous), when compared with the inverted values. 
When a log-normal distribution of matrix blocks is considered (Figs. 8, 9 and 10) it is observed that, with the increasing 
standard deviation, the value of λ and storativity ratio, ω, changes. The value of λ increases, forcing the transition to start 
earlier, shifting the derivative valley to the left. This is due to the fact that increasing σ2 causes the number of smaller                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       
matrix blocks to increase (Figs. C-9, C-10 and C-11). And small matrix blocks dominate the pressure behavior during the 
transition period, due to their high degree of interaction with fractures, as a result of a large fracture area per unit of rock 
volume exhibited by this situation (Cinco-Ley et al., 1985).      
Horner plots (Figs. 11, 12 and 13) show that the maximum value of distance between two semi-logarithmic lines, δp, is 
achieved for the uniform distribution case.  
The values of “effective” matrix block length calculated from λinv, are close to the harmonic mean of the log-normal 
distribution. This corresponds with the findings made by Cinco-Ley et al. (1985).  
Simulations run for the same value of σ2, but different values of seed for random number generation, show that the start of 
the transition curve can differ in timing (Figs. 14, 15 and 16). However, as this issue was not in the main scope of the research, 
further study is required to identify the cause of such behavior. A possible answer to this issue could be the fact that the 
pressure response depends on the well location in respect of fracture density. As the seed is changed, the pattern of the matrix 
size distribution should change, and thus the fracture density around the well changes with a change of seed. 
When the same seed is considered for all simulation cases several empirical relationships were obtained. Applying these 
equations for inverting the values of Lo and σ
2
 from the well test data assuming log-normal distribution of matrix blocks gives 
a reasonable result (Table 4).  Calculation of later parameters requires estimation of Lo for the first set of calculations.  On the 
log-log plot, the minimum point of the derivative valley has the highest value of dimensionless time, tD/CD, for the 
corresponding matrix block length, when the uniform distribution case with single matrix block size is considered.  Thus, the 
inverted values of (tD/CD)inv can be compared with the values of (tD/CD)u obtained for uniform distribution case (Table 3 and 
Fig. 6) and the matrix block lengths with lower values of (tD/CD)u than (tD/CD)inv can be ignored. 
   
Conclusions 
From the results and analysis of numerical simulations of reservoir with uniform distribution having single matrix block size 
and log-normal distribution with varying block sizes, the following conclusions can be made: 
1. Naturally fractured reservoirs can be modelled as a dual porosity reservoir with log-normal distribution of varying 
matrix block sizes. 
2. When the standard deviation of log-normal distribution is increased the pressure derivative “valley” shifts to the left, 
thus the pressure behavior is more controlled by smaller matrix blocks. 
3. If we use the standard (uniform block size) model to analyze the well test results, the inverted matrix length, Le, is 
close to the harmonic mean of the log-normal distribution of matrix sizes. 
4. The trend of change in pressure response with changing standard deviation and mean matrix block length can be 
expressed using empirical equations. 
5. Empirical equations can be used for estimating the Lo and σ
2
 parameters, necessary for creating dual porosity reservoir 
model with log-normal distribution.  
6. The uniform distribution with single matrix block size can serve as a diagnostic tool. When compared with actual 
data, the type of distribution and mean matrix length can be approximated. 
 
Recommendations 
Due to time limitations the author was unable to test the obtained equations on real life data. Thus the results of this work 
should be tested on real data to see if good approximation can be achieved. Also, more research is needed to review the 
problem of varying seed, to establish the nature of variance in the pressure response of a well.   
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Nomenclature 
α =  Shape factor, L-2 
λ =  Interporosity flow coefficient, dimensionless 
ω =  Storativity ratio, dimensionless 
μ =  Oil viscosity, cp   
μy =  Mean of log-normal distribution 
σ2 =  Standard deviation of logarithm of mean matrix length 
Φm =  Matrix porosity, fraction 
Φf =  Fracture porosity, fraction 
C =  Wellbore storage constant, bbl/psi 
CD =  Dimensionless wellbore storage constant 
cm =  Matrix compressibility, psi
-1
 
cf =  Fracture compressibility, psi
-1
 
E =  Constant in Eq. 24 
F =  Constant in Eq. 26 
G =  Constant in Eq. 19 
H =  Harmonic mean of log-normal distribution, ft 
h =  Reservoir thickness, ft 
K =  Constant in Eq.16 
km =  Matrix permeability, mD 
kf =  Fracture permeability, mD 
L =  Matrix block length, ft 
Lo =  Mean matrix block length, ft 
Le =  Inverted/effective matrix block length, ft 
M =  Constant in Eq. 19 
N =  Constant in Eq. 19 
pi =  Initial reservoir pressure, psi 
pm =  Average pressure in matrixes, psi 
pf =  Average pressure in fractures, psi 
pD  =  Dimensionless pressure 
p'D  =  Dimensionless pressure derivative 
R =  Constant in Eq. 16 
rw =  Wellbore radius, ft 
S =  Skin factor 
tD =  Dimensionless time 
tp =  Production time, Days  
q =  Production rate, bbl/day 
qmf =  Matrix-fracture flow, 1/s  
  
 
Subscripts 
e =  effective 
D =  dimensionless 
f =  fracture 
f+m =  total system 
inv =  inverted 
m =  matrix
 
p =  production 
x = x-direction 
y = y-direction 
z = z-direction 
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Appendix A 
 
Critical Literature Review 
 
Table A-1–Milestones in heterogeneously fractured reservoirs study 
 
Source Year Title Authors Contribution 
Journal of 
Applied 
Mathematics 
and Mechanics 
Vol.24 Issue 5 
1960 
Basic concepts in the theory of 
seepage of homogeneous 
liquids in fissured rocks 
 
G.I. Barenblatt 
Iu.P. Zheltov 
I.N. Kochina 
 
The classical dual porosity model was introduced, 
which assumed that the flow only occurs in the 
fractures with matrix blocks delivering the fluid. 
SPE 426 1963 
The Behavior of  Naturally 
Fractured Reservoirs 
Warren and Root 
Derived the equation, using storativity ratio and 
interporosity flow coefficient, which characterizes the 
behavior of double porosity medium. 
SPE 2156 1969 
Pressure Transient Analysis of 
Naturally Fractured Reservoirs 
with Uniform Fracture 
Distribution 
H. Kazemi 
An ideal theoretical model of a naturally fractured 
reservoir with a uniform fracture distribution has been 
developed. 
SPE 5346 1976 
Analytic Solutions for 
Determining Naturally Fractured 
Reservoir Properties by Well 
Testing 
A. De Swaan 
Development of completely unsteady-state theory 
that describes the well pressure response of infinite, 
naturally fractured reservoirs of the type composed by 
high-permeability fractures and tight matrix blocks, 
which exclusively involves flow properties and 
dimensions of the fractures and the matrix blocks. 
SPE 6017 1980 
A Theory for Pressure Transient 
Analysis in Naturally Fractured 
Reservoirs 
H.L. Najurieta 
A method to calculate the unsteady-state pressure 
behavior within the fractures of a homogeneously 
fractured reservoir was presented. 
SPE 9293 1980 
Determination of fissure volume 
and block size in fractured 
reservoirs by type-curve 
analysis 
D. Bourdet,          
A.C. Gringarten 
A new type-curve is presented for analyzing wells 
with wellbore storage and skin in double porosity 
systems. In addition to the usual well and reservoir 
parameters analysis yields characteristic parameters 
that can provide quantitative information on the 
volume of fissures and the size of porous blocks in 
the reservoir. 
Water 
Resources 
Research 
vol.20 no.7 
1984 
Double Porosity Models for a 
Fissured Ground Water 
Reservoir with Fracture Skin 
A.F. Moench 
The paper presented an approach which unified the 
pseudo-steady state conditions and transient 
conditions for well test analysis by accounting for 
fracture skin in mathematical development of the 
diffusivity equations for double porosity reservoir. 
SPE 14168 1985 
The Pressure Transient 
Behavior for Naturally Fractured 
Reservoirs With Multiple Block 
Size 
H. Cinco-Ley, V.F. 
Samaniego 
F. Kucuk 
A new analytical model was presented to study the 
pressure-transient behavior of a naturally fractured 
reservoir composed of a fracture network and matrix 
blocks of multiple size. 
SPE 15129 1988 
A Multiple-Porosity Method for 
Simulation of Naturally 
Fractured Petroleum Reservoirs 
W. Yu-Shu 
P. Karsten 
Paper describes that the MINC method provides 
accurate predictions of the behavior of naturally 
fractured reservoirs, while requiring only a modest 
increase in computation work compared with the 
double-porosity method. And that the double-porosity 
method may result in large errors for matrix blocks of 
low permeability or large size. 
SPE 15637 1990 
Influence of Shape and Skin of 
Matrix-Rock Blocks on Pressure 
Transients in Fractured 
Reservoirs 
A. de Swaan 
The paper gave us intuitive understanding of the 
effects of shapes of the matrix and surface damage of 
the matrix-rock blocks on pressure transients. 
Water 
Resources 
Research 
vol.29 no.7 
1993 
A Numerical Dual-Porosity 
Model with Semi-Analytical 
Treatment of Fracture/Matrix 
Flow 
R.W. Zimmerman 
Gang Chen, 
Teklu Hadgu 
G.S. Bodvarsson 
A model that accurately predicts flux and pressure 
transient behavior for heterogeneously fractured 
reservoir was developed. 
Geophysical 
Research 
Letters Vol.22 
no.11 
1995 
Effective Block Size for 
Imbibition or Absorption in Dual-
Porosity Media 
R.W. Zimmerman 
G.S. Bodvarsson 
The paper provided the theoretical basis for 
investigating the effect of block size distribution on 
dual-porosity behavior. 
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SPE 71570 2001 
A Variable Block Size Model for 
the Characterization of Naturally 
Fractured Reservoirs 
N.R. Rodriguez 
H. Cinco-Ley 
F.V. Samaniego 
A variable block size model was presented to study 
naturally fractured reservoirs, taking into account 
continuous uniform, exponential and normal 
distributions of matrix block sizes. 
SPE 90287 2004 
Well Test Characterization of 
Small- and Large-Scale 
Secondary Porosity in Naturally 
Fractured Reservoirs 
F. Rodriguez 
V. Arana-Ortiz 
H. Cinco-Ley 
An analytical model to characterize secondary 
porosity in naturally fractured reservoirs through well 
testing was presented in this paper. 
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Journal of Applied Mathematics and Mechanics Vol.24 Issue 5 (1960) 
 
Title: Basic concepts in the theory of seepage of homogeneous liquids in fissured rocks 
Authors: G.I. Barenblatt, Iu.P. Zheltov, I.N. Kochina 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
The classical dual porosity model was introduced, which assumed that the flow only occurs in fractures with matrix blocks 
delivering the fluid. 
Objective of the paper: 
To describe the basic concepts of the motion of liquids in fissured rocks  
Methodology used: 
The reservoir was described as a fissured rock consisting of pores and permeable blocks, generally speaking blocks separated 
from each other by a system of fissures. The equation of motion of a uniform liquid in fissured rocks was derived using the 
law of conservation of mass. Problems of basic boundary-value of the theory of non-steady-state seepage in fissured rock were 
discussed.  
Conclusion reached: 
1. In considering the processes of non-steady-state infiltration in fissured rocks, the ordinary equations of non-steady-
state flow in a porous medium can be applied only if the characteristic times of the process under consideration are 
long compared to the delay times τ, otherwise it is necessary to apply the model and the basic equations presented in 
this paper. 
2. Fissuring must be taken into consideration in many cases when investigating such processes as the restoration of 
pressure in shut-down wells will, generally, have transient processes during changes of the operating conditions of the 
well. 
Comments: 
First paper to describe flow in naturally fractured reservoirs. 
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SPE 426 (1963) 
 
Title: The Behavior of Naturally Fractured Reservoirs 
Authors: Warren and Root 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
Derived the equation, using storativity ratio and interporosity flow coefficient, which characterizes the behavior of double 
porosity medium. 
Objective of the paper: 
To develop a model for the purpose of studying the characteristic behavior of a naturally fractured reservoir. 
Methodology used: 
The unsteady-state flow in the model was investigated analytically. The equations derived for the model were based on the 
assumptions that the reservoir is horizontal, homogeneous and anisotropic, the flow is single phase and the fluid is slightly 
compressible. The pressures in each matrix block were substituted with an average value. The results were analyzed on 
semilog plots. 
Conclusion reached: 
1. Two parameters are sufficient to characterize the deviation of the behavior of a medium with “double porosity” from 
that of homogeneous porous medium. One of the parameters, ω, is a measure of the fluid capacitance of the 
secondary porosity and the other, λ, is related to the scale of heterogeneity that is present in the system. 
2. These parameters can be evaluated by the proper analysis of the pressure build-up data obtained from adequately 
designed tests. 
3. Since the build-up curve associated with this type of porous medium is similar to that obtained from a stratified 
reservoir, an unambiguous interpretation is generally not possible without additional information. 
4. Methods which utilize differences obtained from pressure data recorded during the final stages of a build-up test 
should be used with extreme caution.     
Comments: 
The paper has laid the basis for analyzing the behavior of the naturally fractured reservoirs, by introducing two parameters ω 
and λ.  
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SPE 2156 (1969) 
 
Title: Pressure Transient Analysis of Naturally Fractured Reservoirs with Uniform Fracture Distribution 
Authors: H. Kazemi 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
An ideal theoretical model of a naturally fractured reservoir with a uniform fracture distribution has been developed. 
Objective of the paper: 
To develop the theoretical model of a naturally fractured reservoir with uniform fracture distribution. 
Methodology used: 
A special case of the idealized fractured reservoir of Warren and Root was adopted in this work, where all the fractures are 
horizontal. General assumptions of the model were: there is a single phase flow; the matrix produces into the fracture, the 
fracture in turn produces into the wellbore; flow occurs in both radial and vertical directions; flow is unsteady state; the 
reservoir is horizontal and the matrix  and  fractures are each homogeneous and isotropic; the well is centrally located in a 
finite circular reservoir. The results of the model where analyzed using the semilog plots.   
Conclusion reached: 
1. The fractures reservoir characterizations of Warren-Root are applicable to the cases where the fracture distribution is 
uniform and the contrast between fracture and matrix flow capacities is large. 
2. Combining the results of interference test and a build up test on the same well should yield an approximate value for 
matrix permeability. 
3. Whenever the ration of flow capacities in the matrix and in the fracture is small, only one straight line is noticeable. 
4. Pollard’s plot of pressure build up seems to have only apparent validity in evaluating fracture-matrix pore volumes. 
5. The behavior of a fractured reservoir approaches that of an equivalent system of homogenous reservoir at large times.  
Comments: 
The theoretical model provided an explanation for various results  obtained in pressure transient analysis, but assumes that the 
matrix blocks are uniformly distributed. 
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SPE 5346 (1976) 
 
Title: Analytic Solutions for Determining Naturally Fractured Reservoir Properties by Well Testing 
Authors: A. De Swaan 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
Development of completely unsteady-state theory that describes the well pressure response of infinite, naturally fractured 
reservoirs of the type composed by high-permeability fractures and tight matrix blocks, which exclusively involves flow 
properties and dimensions of the fractures and tight matrix blocks. 
Objective of the paper: 
To develop a theory that exclusively involves flow properties and  dimensions of the fractures and the matrix blocks. 
Methodology used: 
The following assumptions were made of the fluid flow: at early times of the well test the flow only takes place in the 
fractures; the matrix blocks act as uniformly distributed source in the fractured medium; the shape of the matrix blocks may be 
approximated by regular solids, their internal pressure distribution, and hence the flow through the surface, is a known 
function found in the theory of heat flow in solids. Cases with infinite slabs, spherical blocks and block with varying 
dimensions and porosities were considered. 
Conclusion reached: 
1. A mathematical model of the well pressure response that is caused by slightly compressible fluid flow in a naturally 
fractured reservoir composed of high-permeability fractures and tight matrix blocks has been developed. 
2. The model characterizes the fractured reservoir exclusively by the fluid flow parameters of the reservoir that may be 
obtained by well-logging and laboratory measurements on core samples.  
3. The two straight-line well pressure responses typical of fractured reservoirs may be used to calculate the fractures kh 
product and                  . 
Comments: 
The approach does not lead to an analytical description of the transition between the two straight lines of the fractured 
reservoir well pressure plot. 
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SPE 6017 (1980) 
 
Title: A Theory for Pressure Transient Analysis in Naturally Fractured Reservoirs 
Authors: H.L. Najurieta 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
A method to calculate the unsteady-state pressure behavior within the fractures of a homogeneously fractured reservoir was 
presented. 
Objective of the paper: 
To show a simplified description of the pressure behavior of fractured reservoirs based on an approximate solution of the de 
Swaan differential equation.  
Methodology used: 
It was assumed that the reservoir is homogeneous and isotropic, the fluid is slightly compressible, the matrix blocks are 
uniformly distributed and the net fluid movement toward the wellbore is obtained only in fractures. Pressure drawdown and 
build up analysis were carried out. Pressure behavior of the fractured reservoir was estimated using the de Swaan’s differential 
equation. 
Conclusion reached: 
1. The proposed equation in the paper unifies in a single expression the pressure calculation in a uniformly fractured 
reservoir for different types of fracturing and for most practical ranges of r and t. 
2. This solution shows that the pressure behavior in a uniform reservoir can be described fully through four parameters, 
which depend on ten basic reservoir parameters.  
3. The deduced equations properly describe the transitional period taking into account the unsteady-state behavior of 
matrix. 
4. The transitional period ends in early times. 
Comments: 
This paper assumes that the matrix block sizes are uniformly distributed through the reservoir and that the reservoir is 
homogenous, which is not the case in practice. 
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SPE 9293 (1980) 
 
Title: Determination of fissure volume and block size in fractured reservoirs by type-curve analysis 
Authors: D. Bourdet, A.C. Gringarten 
Contribution to the understanding of the heterogeneously-fractured reservoirs: 
 A new type-curve is presented for analyzing wells with wellbore storage and skin in double porosity systems. In addition to 
the usual well and reservoir parameters analysis yields characteristic parameters that can provide quantitative information on 
the volume of fissures and the size of porous blocks in the reservoir. 
Objective of the paper: 
To present new type-curves that can provide all of the system parameters.  
Methodology used: 
Double porosity model was used for analysis. Wellbore storage and skin solution of Mavor and Cinco was used to construct 
new type curve. Dimensionless pressure drop was approximated in the Laplace space. Log-log analysis were used for 
drawdown and build-up data.  
Conclusion reached: 
1. A new type-curve was introduced in this paper to analyze pressure drawdowns and build-ups in wells with wellbore 
storage and skin in double porosity reservoirs. 
2. Log-log analysis with the double porosity type-curve yields two parameters characteristic of the fissuration: ω, the 
ration of the fissure storativity to the total storativity; and λ, the interporosity flow coefficient. Also log-log analysis 
yields the usual reservoir parameters: permeability-thickness product, wellbore storage constant and skin. 
3. It was shown that the double-porosity effect was local, and concentrated around the production well.  
Comments: 
The type-curve permits to detect semi-log radial flow on the test data, and to predict under which conditions the two parallel, 
semi-log straight lines obtained by earlier authors are present and can be used in semi-log analysis.  
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Water Resources Research vol.20 no.7 (1984)   
 
Title: Double Porosity Models for a Fissured Ground Water Reservoir with Fracture Skin 
Authors: A.F. Moench 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
The paper presented an approach which unified the pseudo-steady state conditions and transient conditions for well test 
analysis by accounting for fracture skin in mathematical development of the diffusivity equations for double porosity reservoir. 
Objective of the paper: 
To provide a resolution to the conflict between pseudo-steady state block-to-fissure flow assumption and transient flow 
assumption. 
Methodology used: 
Well test data from a pumped well and from the observation well in fractured volcanic rock was analyzed. To describe double-
porosity model the Laplace transform, line source solution was used. To analyze the results of different models type curves 
were used. Slab-shaped and sphere-shaped blocks, effects of wellbore storage and skin were considered. 
Conclusion reached: 
1. The prevailing theories of flow to a well in a double-porosity reservoir can be unified by accounting for fracture skin 
in mathematical development. When modified to include fracture skin, the commonly used theory based on the 
assumption pseudo-steady state block-to-fissure flow is found to be a special case of the theory presented in this paper 
that is based on the assumption of transient block-to-fissure flow with fracture skin. 
2. The semilogarithmic straight line method should be used with caution when evaluating the product of hydraulic 
conductivity and reservoir thickness in double porosity systems. Analysis of the data show that the hydraulic 
conductivity of the fissure system may be overestimated by an order of magnitude if the straight line method is 
applied to the observation well data. 
Comments: 
A new theory was presented that unified the pseudo-steady state block-to-fissure flow and transient block-to-fissure flow 
assumptions. 
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SPE 14168 (1985) 
 
Title: The Pressure Transient Behavior for Naturally Fractured Reservoirs With Multiple Block Size 
Authors: H. Cinco-Ley, V.F. Samaniego, F. Kucuk 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
A new analytical model was presented to study the pressure-transient behavior of a naturally fractured reservoir composed of a 
fracture network and matrix blocks of multiple size. 
Objective of the paper: 
To develop an analytical model to study the pressure behavior of a double porosity reservoir composed of matrix blocks of 
multiple sizes. 
Methodology used: 
The reservoir model was assumed to be a naturally fractured reservoir composed of matrix blocks of multiple size and 
uniformly distributed throughout the medium. Matrix blocks are assumed to be slabs. The results of the work were analyzed 
with semilog straight lines. 
Conclusion reached: 
1. An analytical model is presented to study the pressure transient behavior of a naturally fractured reservoir with 
multiple size matrix blocks. 
2. The use of the Warren and Root model for double porosity can be justified by considering a damaged zone between 
matrix blocks and fractures. 
3. The pressure behavior of a well in a multiple block size system may exhibit the classical behavior of a single block 
size double porosity model. 
4. The first semilog straight line does not exist in the behavior of a well in a naturally fractured reservoir with a wide 
range of block sizes including very small matrix blocks. 
5. The parameter λ calculated from a single matrix block size model corresponds to the arithmetic weighted average for 
a multiple block size reservoir. 
6. The matrix block size     estimated from a single matrix block size model corresponds to harmonic weighted 
average for a multiple block size reservoir.   
Comments: 
In the paper it is stated that the multiple block size nature of a reservoir cannot be identified by analyzing the pressure alone 
and that pressure derivative functions is a powerful tool to identify the multiple block size nature a naturally fractured 
reservoir. 
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SPE 15129 (1988) 
 
Title: A Multiple-Porosity Method for Simulation of Naturally Fractured Petroleum Reservoirs 
Authors: W. Yu-Shu, P. Karsten 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
The paper describes that the “Multiple Interacting Continua” (MINC) method provides accurate predictions of the behavior of 
naturally fractured reservoirs, while requiring only a modest increase in computation work compared with the double-porosity 
method. And that the double-porosity method may result in large errors for matrix blocks of low permeability or large size. 
Objective of the paper: 
Application of the MINC method to study oil recovery mechanisms in fractured reservoirs and to obtain insight into the 
behavior of water/oil flow during the imbibition process. 
Methodology used: 
The imbibition process was studied with MINC method, the conventional Dual-Porosity Model (DPM), and with detailed 
discretization of matrix blocks. Also the MINC method was applied to match published data of a five-spot waterflood and the 
observed coning behavior of a well with bottomwater drive in a fractured oil reservoir.   
Conclusion reached: 
1. The conventional DPM can give large errors for simulation of oil recovery from individual matrix blocks or from a 
reservoir by water/oil imbibition mechanisms.  
2. The MINC method takes into account the transient flow of fluids in the matrix system and in the fractures. 
3. Results of five-spot waterflood and coning simulations indicate that the aggregate response of many matrix blocks in 
the reservoir has a general tendency to compensate for differences in individual block responses. 
4. An estimation of the suitability of the DPM approximation for waterflooding and water coning problems can be 
obtained by comparing quasisteady and transient imbibition predictions for individual matrix blocks.    
Comments: 
As a generalization of the double-porosity technique, the MINC method permits a fully transient description of interporosity 
flow through numerical methods.  
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SPE 15637 (1990) 
 
Title: Influence of Shape and Skin of Matrix-Rock Blocks on Pressure Transients in Fractured Reservoirs 
Authors: A. de Swaan 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
The paper provided intuitive understanding of the effects of shapes of the matrix and surface damage of the matrix-rock blocks 
on pressure transients. 
Objective of the paper: 
To extend de Swaan’s theory to account for the effects of shape and surface damage of the matrix-rock blocks on pressure 
transients. 
Methodology used: 
Carslaw and Jaeger’s approach was embraced in the development of this paper, i.e. dimensionless variables were not used as 
the physical significance of a formula is clearer if expressed in the original physical variables. It was assumed that the 
reservoir is composed of uniformly distributed matrix-rock blocks. The data was analyzed using semilog plots. 
Conclusion reached: 
1. The characteristics of the semilog plot of pressure vs. time data from well and interference tests can be used to 
determine values of groups of properties of the fractures and matrix-rock blocks in the reservoir. 
2. The time at which the transition between straight lines occurs in the semilog plot depends on, and can be used to 
determine, the ratio of hydraulic diffusivity in the blocks to the square of the minimum dimension of the blocks. 
3. The apparent difference between so-called quasisteady-state and transient formulations of the block/fracture 
interaction was proved non-existent. 
4.  The fracture area at the wellbore, not the pay thickness, can be determined from the slope of the straight lines in the 
semilog pressure plot. 
5. Very steep transitions between straight lines, observed in some pressure plots, cannot be attributed exclusively to the 
surface skin of the matrix blocks. 
6. An effective fracture permeability, dependent on the tortuosity of the fractures and the intrinsic fracture permeability, 
determines the pressure transients in the reservoir. 
 
Comments:  
A restatement of the quasisteady-state intermedia flow provides Warren and Root’s α and λ parameters with the physical 
meaning they lacked, which allowed direct determination of the block’s minimum dimensions. 
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Water Resources Research vol.29 no.7 (1993) 
 
Title: A Numerical Dual-Porosity Model with Semi-Analytical Treatment of Fracture/Matrix Flow 
Authors: R.W. Zimmerman, Gang Chen, Teklu Hadgu, G.S. Bodvarsson 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
A model that accurately predicts flux and pressure transient behavior for a heterogeneously fractured reservoir was developed. 
Objective of the paper: 
To present a new method for modeling fluid flow in fractured reservoirs that simulates reservoir behavior more efficiently and 
economically than methods in which the matrix blocks are discretized. 
Methodology used: 
Semi-analytical treatment of fracture/matrix interflow by eliminating the need for internal numerical evaluation and 
digitization of matrix blocks using the Vermeulen equation. 
Conclusion reached: 
1. A new dual-porosity model for a single phase fluid flow in porous/fracture media was developed. 
2. The model uses a nonlinear ordinary differential equation to calculate the fracture/matrix interaction term, which has 
been shown to be more accurate than the linear Warren-Root equation, for a wide variety of matrix block boundary 
conditions.  
3. The new differential equation allows more efficient simulation of fluid flow problems in fractured-porous media.  
Comments: 
The model does not consider the effect of distribution of block sizes. 
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Geophysical Research Letters Vol.22 no.11 (1995) 
 
Title: Effective Block Size for Imbibition or Absorption in Dual-Porosity Media  
Authors: R.W. Zimmerman, G.S. Bodvarsson 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
The paper provided the theoretical basis for investigating the effect of block size distribution on dual-porosity behavior. 
Objective of the paper: 
Find the appropriate characteristic length for an irregularly shaped matrix block and find an equivalent block radius that can be 
used to represent a collection of matrix blocks of different sizes. 
Methodology used: 
It was assumed that imbibition and diffusion can be modeled by a linear diffusion equation. At early times diffusion proceeds 
inward from the entire outer boundary of the block in a one-dimensional manner. To study the imbibition rate at late times 
analysis were carried out in the time domain; analogue analysis were carried out in the Laplace domain. 
Conclusion reached: 
1. Diffusion into a block of volume V and surface area A can be characterized by a length scale    = 3V/A in conjunction 
with the results for a spherical block. 
2. A collection of blocks of various sizes can be replaced in the early-time regime by an equivalent block whose radius 
is       
  , where      denotes an average taken on a volumetrically-weighted basis. 
Comments: 
The theoretical results derived in this paper provide a basis for investigating the effect of block size distribution on dual-
porosity behavior. 
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SPE 71570 (2001) 
 
Title: A Variable Block Size Model for the Characterization of Naturally Fractured Reservoirs 
Authors: N.R. Rodriguez, H. Cinco-Ley, F.V. Samaniego 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
A variable block size model was presented to study naturally fractured reservoirs, taking into account continuous uniform, 
exponential and normal distributions of matrix block sizes. 
Objective of the paper: 
To present a variable block size model for the radial flow towards a well in a naturally fractured reservoir. 
Methodology used: 
The flow equation for finite number NB of block sizes developed by Cinco-Ley et al. (1985) was used. This equation was 
solved in Laplace space. To obtain dimensionless pressure     the Stehfest algorithm was used. 
Conclusion reached: 
1. A numerical-analytical model is presented to study naturally fractured reservoirs, taking into account continuous 
uniform, exponential and normal distributions of matrix block sizes. 
2. Several new groups of the pressure derivative function were developed and the features of their graphical 
representation on the log-log scale were analyzed, to determine the matrix block size distribution corresponding to a 
certain shape of the curves. 
3. The new groups of the above mentioned function constitute a better diagnostic tool than the conventional pressure  
derivative function, especially for the pressure data on the transition period between the fracture storage dominated 
flow and the matrix pseudo-steady-state flow. 
Comments: 
In this paper when all the block sizes, form      to     , have the same probability of existence and the situation where all the 
blocks have the same size, are studied as a limit case of the general problem.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
28                                           Effective matrix block size for heterogeneously-fractured reservoirs; Kairbayev, N. 2010 
 
SPE 90287 (2004) 
 
Title: Well Test Characterization of Small- and Large-Scale Secondary Porosity in Naturally Fractured Reservoirs 
Authors: F. Rodriguez, V. Arana-Ortiz, H. Cinco-Ley 
Contribution to the understanding of the heterogeneously-fractured reservoirs:  
An analytical model to characterize secondary porosity in naturally fractured reservoirs through well testing was presented in 
this paper. 
Objective of the paper: 
Characterization of the secondary porosity in a naturally fractured reservoir 
Methodology used: 
Nested triple-porosity naturally fractured medium, composed of matrix and two scales of secondary porosity was considered. 
Flow in series is assumed among the three nested porous media. Equations that describe nested flow of a slightly compressible 
fluid, with usual assumptions, in a triple-porosity single-permeability medium were used, which were solved using Laplace 
transforms. 
Conclusion reached: 
1. An analytical solution for the pressure behavior of a well producing in a nested triple porosity single permeability 
reservoir was developed. 
2. The triple porosity character of a reservoir is fully exhibited in the pressure behavior of a well if           . 
3. The pressure behavior of a well in triple porosity reservoir may exhibit up to three semilog straight lines. 
4. Minima values of the pressure derivative curves, corresponding to the inflection points in the transition between 
pseudo radial flow periods are given by a single universal curve which can be used in determining the storativity 
parameters of the porosity media. 
5. For matrix storativity smaller than 0.1, only the dual porosity behavior could be exhibited by the pressure response of 
the well, independently of the         ratio. 
6. A novel procedure for analysis of well test data measured in NTP reservoirs is established and applied to synthetic 
and field well test data. 
Comments: 
This paper presented the concepts and model for the characterization of secondary porosity in naturally fractured reservoirs, 
which helps to make the distinction between dual porosity and the triple porosity medium. 
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Appendix B 
 
Table B-1–Calculated values of the minimum point of the derivative curve 
   
Lo, ft p'D tD/CD 
5 0.1 8498 
10 0.1 32889 
20 0.1 129665 
30 0.1 294167 
40 0.1 525138 
50 0.1 809404 
 
 
Table B-2–Inverted values of ω, λ, p'D and tD/CD for log-normal 
and uniform distributions  
 
Table B-3–Inverted values of ω, λ, p'D and tD/CD for log-normal 
and uniform distributions  
  
   
 
  
 
            
Lo, ft 
Distribution and 
(σ
2
) 
ωe λe tD/CD p'D 
 
Lo, ft 
Distribution and 
(σ
2
) 
ωe λe tD/CD p'D 
5 Uniform 0.05014 2.87E-07 8498 0.09 
 
10 Uniform 0.04973 7.37E-08 32889 0.09 
  Log-normal (1) 0.1124 1.11E-06 3632 0.16 
 
  Log-normal (1) 0.1276 2.53E-07 18407 0.18 
  Log-normal (2) 0.1263 8.59E-06 495 0.18 
 
  Log-normal (2) 0.1942 2.44E-06 2126 0.23 
  Log-normal (3) 0.06865 3.62E-05 83 0.12 
 
  Log-normal (3) 0.135 1.30E-05 380 0.18 
 
Table B-4–Inverted values of ω, λ, p'D and tD/CD for log-
normal and uniform distributions  
 
Table B-5–Inverted values  λ and calculated harmonic mean  
            
 
  
     
Lo, ft 
Distribution and 
(σ
2
) 
ωe λe tD/CD p'D 
 
Lo, ft Distribution and (σ
2
) Le, ft H Difference, ft 
20 Uniform 0.051 1.90E-08 129665 0.10 
 
5 Uniform 5.06 5.00 -0.06 
  Log-normal (1) 0.1259 5.96E-08 71293 0.18 
 
  Log-normal (1) 2.59 3.03 0.44 
  Log-normal (2) 0.2476 6.06E-07 10657 0.26 
 
  Log-normal (2) 0.91 1.84 0.93 
  Log-normal (3) 0.2149 3.79E-06 1418 0.24 
 
  Log-normal (3) 0.44 1.12 0.68 
 
Table B-6–Inverted values  λ and calculated harmonic mean  
 
Table B-7–Inverted values  λ and calculated harmonic mean  
  
   
  
 
  
   
  
Lo, ft Distribution and (σ
2
) Le, ft H, ft Difference, ft 
 
Lo, ft Distribution and (σ
2
) Le, ft H, ft Difference, ft 
10 Uniform 9.99 10.00 0.01 
 
20 Uniform 19.65 20.00 0.35 
  Log-normal (1) 5.39 6.07 0.67 
 
  Log-normal (1) 11.11 12.13 1.02 
  Log-normal (2) 1.74 3.68 1.94 
 
  Log-normal (2) 3.48 7.36 3.88 
  Log-normal (3) 0.75 2.23 1.48 
 
  Log-normal (3) 1.39 4.46 3.07 
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Table B-8–Observed and calculated parameters of Horner 
match for Lo=5 ft  
Table B-9–Observed and calculated parameters of Horner 
match for Lo=10 ft 
             
Lo, ft 
Distribution and 
(σ
2
) 
DSFmiddle (pi-p)D δp 
(pi-p)D/ 
DSFmiddle  
Lo, ft 
Distribution and 
(σ
2
) 
DSFmiddle (pi-p)D δp 
(pi-p)D/ 
DSFmiddle 
5 Uniform 4.19 3.75 1.45 0.89 
 
10 Uniform 4.88 4.4 1.50 0.90 
 
Log-normal (1) 3.80 3.6 1.15 0.95 
  
Log-normal (1) 4.50 4.5 1.05 1.00 
 
Log-normal (2) 2.93 2.65 1.05 0.90 
  
Log-normal (2) 3.55 3.5 0.80 0.99 
 
Log-normal (3) 2.30 1.9 1.25 0.83 
  
Log-normal (3) 2.78 2.5 1.05 0.90 
 
Table B-10–Observed and calculated parameters of Horner 
match for Lo=20 ft 
            
Lo, ft 
Distribution and 
(σ
2
) 
DSFmiddle (pi-p)D δp 
(pi-p)D/ 
DSFmiddl
e 
20 Uniform 5.35 5.05 1.40 0.94 
  Log-normal (1) 5.08 5.2 1.00 1.02 
  Log-normal (2) 4.21 4.45 0.70 1.06 
  Log-normal (3) 3.45 3.3 0.75 0.96 
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Appendix C 
 
  
Fig. C-1–Relationship between constant K (Eq.19) and Lo Fig. C-2–Relationship between constant R (Eq.20) and Lo 
 
  
Fig. C-3–Relationship between constant M (Eq.22) and Lo Fig. C-4–Relationship between constant N (Eq.22) and Lo 
 
  
Fig. C-5–Relationship between constant G (Eq.22) and Lo Fig. C-6–Relationship between constant E (Eq.22) and Lo 
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Fig. C-7–Relationship between constant F (Eq.22) and Lo Fig. C-8–Relationship between interporosity flow 
coefficient and Lo 
 
 
 
  
Fig. C-9–Histogram of lognormal matrix block length 
distribution frequency for σ
2
=1 
Fig. C-10–Histogram of lognormal matrix block length 
distribution frequency for σ
2
=2 
 
 
 
Fig. C-11–Histogram of lognormal matrix block length 
distribution frequency for σ
2
=3 
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Appendix D 
 
Typical data file for dual porosity reservoir with uniform distribution of matrix block sizes. For the log-normal distribution 
case the values of matrix lengths have to be defines for each cell using keywords LX, LY and LZ.  
 
--DUALPORO.CAR   500x500x2 grid 
--DEBUG 
--0 0 0 1 0 0 1 0 0 1 / 
RUNSPEC 
TITLE 
  Effective Matrix Block Size for Heterogeneously-Fractured Reservoirs 
--NOSIM 
DIMENS 
    500    500    2  / 
BIGMODEL 
DUALPORO 
-- phases present  
OIL 
WATER 
-- FIELD units 
FIELD 
EQLDIMS 
    1  100    2    1   20 / 
TABDIMS 
    2    1   13   13    1    5 / 
-- max    max max    max 
-- wells conn groups wells/gr 
WELLDIMS 
    2   20    1    2 / 
NUPCOL 
    4 / 
START 
  1 JUN 2008  / 
NSTACK 
    4 / 
FMTOUT 
NOECHO 
FMTIN 
--NONNC 
UNIFOUT 
MSGFILE 
0 / 
NODPPM 
--NODPCO 
UNIFIN 
NOINSPEC 
GRID      ============================================================== 
OLDTRAN 
NOGGF 
DPGRID 
EQUALS 
 'DX'       50   /    PROPERTIES OF MATRIX AND FRACTURES 
 'DY'       50   / 
 'DZ'       50    / 
 'TOPS'   4000    / 
 'PERMZ'     0    / 
 'PORO'   0.19      1  500  1  500  1  1  /  MATRIX PROPERTIES 
 'PERMX'     1    / 
 'PERMY'     1    / 
 'PORO'   0.01      1  500  1  500  2  2  /  FRACTURE PROPERTIES 
 'PERMX' 50000    / 
 'PERMY' 50000    / 
/ 
--PSEUDOS 
--RPTGRID                                           
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--   1   1   1   1   1   0   1   1   0   1   0   1   1   1   1   1   0 
--   0   0   0   0   0   0   1   / 
--SIGMA FOR 10 BY 10 BY 30 FT BLOCKS 
SIGMA 
0.08 / 
--INIT 
-------- IX1-IX2 JY1-JY2 KZ1-KZ2 
BOX 
 1  500  1  500  1  1/ 
LX 
250000*10 / 
-------- IX1-IX2 JY1-JY2 KZ1-KZ2  
BOX  
           1 500   1  500   1   1   /  
LY  
 250000*10.0 /  
BOX  
           1 500   1  500   1   1   /  
LZ  
 250000*10.0 /  
 LTOSIGMA  
 4.0 4.0 4.0 / 
NOECHO 
GRIDFILE 
0 0 / 
PROPS     ============================================================== 
--TO OBTAIN CASE WITH NO IMBIBITION, SET CAPILLARY PRESSURES TO ZERO 
SWFN 
    .2200  .0000 4.0000 
    .3000  .0200 2.9500 
    .4000  .0550 1.6500 
    .5000  .1000  .8500 
    .6000  .1450  .3000 
    .7000  .2000  .0000 
/ 
    .0000  .0000 4.0000 
    .1000  .0500 1.8500 
    .2000  .1100  .9000 
    .2500  .1450  .7250 
    .3000  .1800  .5500 
    .4000  .2600  .4000 
    .5000  .3550  .2900 
    .6000  .4750  .2000 
    .7000  .5850  .1600 
    .8000  .7150  .1100 
    .9000  .8500  .0500 
   1.0000 1.0000  .0000 
/ 
SOF2 
    .3000  .0000 
    .4000  .1100 
    .5000  .2400 
    .6000  .4200 
    .7000  .7050 
    .7800  .9200 
/ 
    .0000  .0000 
    .1000  .0210 
    .2000  .0570 
    .3000  .1020 
    .4000  .1730 
    .5000  .2400 
    .6000  .3300 
    .7000  .4500 
    .7500  .5190 
    .8000  .5870 
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    .9000  .7700 
   1.0000 1.0000 
/ 
PVTW       1 TABLES   13 P NODES    5 R NODES     
  .0000000   1.00000    3.03E-06    .50000    0.00E-01 / 
PVDO 
  .00000 1.00000 2.00000 
 8000.00  .92000 2.00000 
/ 
ROCK 
 4000.00        3E-05 / 
DENSITY 
 52.0000  64.0000   .04400 / 
RPTPROPS                                          
   1   1   1   1   1   1   1   1    
REGIONS     ============================================================ 
EQUALS                                           
'SATNUM  ' 1 ,  1,  500  ,  1,  500  ,  1,  1  / 
'SATNUM  ' 2 ,  1,  500  ,  1,  500  ,  2,  2  / 
/ 
NOECHO 
SOLUTION   ============================================================= 
EQUIL 
4000  4000  6000  0   0   0   0   0   0  / 
SUMMARY    ========================================================== 
FOPR 
WBHP 
/ 
RUNSUM 
SCHEDULE   =========================================================== 
NOECHO 
-- PRODUCTION WELL CONTROLS 
-- 
--      WELL    OPEN/  CNTL   OIL  WATER   GAS  LIQU   RES   BHP 
--      NAME    SHUT   MODE  RATE   RATE  RATE  RATE  RATE 
--Draw Down 1 
 
WELSPECS 
        P     G     1  1    1*   OIL    / 
/ 
-- COMPLETION SPECIFICATION DATA 
-- 
--     WELL -LOCATION-  OPEN/ SAT CONN WELL EFF SKIN 
--     NAME I  J K1 K2  SHUT  TAB FACT  ID  KH 
COMPDAT                                           
'P       '   1   1   2 2 'OPEN'   0  .000000  .35000  .00000   .0000 0.000E-01/ 
/ 
-- PRODUCTION WELL CONTROLS 
-- 
--      WELL    OPEN/  CNTL   OIL  WATER   GAS  LIQU   RES   BHP 
--      NAME    SHUT   MODE  RATE   RATE  RATE  RATE  RATE 
--Draw Down 1 
--DRAW DOWN 
WCONPROD 
         P      OPEN   ORAT  800   1*     1*    1*    1*     1* /        
/ 
--LOG INCREASE IN TIME STEP 
INCLUDE 
tstep5days.txt/ 
WCONPROD 
         P      OPEN   ORAT  0   1*     1*    1*    1*    1*  /         
/ 
INCLUDE 
--LOG INCREASE IN TIME STEP 
tstep5days.txt/ 
--DRAW DOWN 2 
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WCONPROD 
        P      OPEN   ORAT  1000   1*     1*    1*    1*     1*  / 
/ 
INCLUDE 
tstep5days.txt/ 
--BUILDUP 2 
WCONPROD 
          P      OPEN   ORAT  0   1*     1*    1*    1*     1* / 
/ 
INCLUDE 
tstep5days.txt/ 
--DRAW DOWN 3 
WCONPROD 
         P      OPEN   ORAT  1200   1*     1*    1*    1*     1*  / 
/ 
INCLUDE 
tstep5days.txt/ 
WCONPROD 
         P      OPEN   ORAT  0   1*     1*    1*    1*     1*  / 
/ 
INCLUDE 
tstep5days.txt/ 
--DRAW DOWN 4 
WCONPROD 
         P      OPEN   ORAT  1800   1*     1*    1*    1*     1*  / 
/ 
INCLUDE 
tstep5days.txt/ 
WCONPROD 
       P      OPEN   ORAT  0   1*     1*    1*    1*     1*  / 
/ 
END 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
